Introduction
The variability of the tropical Pacific Ocean is mainly dominated by the El Niño Southern Oscillation (ENSO) (Philander, 1985 (Philander, , 1990 . ENSO results from the strong air-sea interaction in the central Pacific near the eastern edge of the warm pool, where anomalous sea surface temperature (SST) can drive intense fluctuations in zonal wind stress. Besides ENSO, the tropical Pacific is also the siege of oceanic variability at a variety of timescales, from decadal (Tourre et al., 1999; Zhang et al., 1999) , biennials (Ropelewski et al., 1992) to intra-seasonal (Dewitte et al., 2008) . These modes may eventually interact with ENSO and participate in the so-called ENSO modulation which designates the change in ENSO characteristics (mostly frequency and amplitude) at low frequency (Timmermann et al., 2003; Cibot et al., 2005; Rodgers et al., 2004; Sun and Yu, 2009) . Another mode of variability that interacts with ENSO is the seasonal cycle of the tropical Pacific. Although having a weaker amplitude than ENSO, its role in the former has proven to be critical for explaining some of its characteristics, like the seasonal ENSO predictability barrier (Flügel and Chang, 1998; Jin et al., 2008) , its seasonal phase locking (Neelin et al., 2000; Galanti and Tziperman, 2000) and even its chaotic character (Jin et al., 1994) .
ENSO has apparently experienced a change in characteristics in recent years. In particular, the interannual variability has increased in the western Pacific with an increased occurrence of the so-called Modoki El Niño (Ashok et al., 2007; Yeh et al., 2009; Lee and McPhaden, 2010) . Relatively, the interannual variability has decreased in the eastern Pacific where the seasonal cycle of SST has its largest amplitude. These changes imply that the ratio of the interannual variability versus the annual variability has drastically changed over the last decade. This is illustrated in Fig. 1 Figure 1a and c clearly show that the dominant timescale of variability after 2000 is the one within the annual frequency band, resulting in an enhancement of the near-annual variability relative to the interannual variability (Fig. 1e) .
The near-annual variability in the tropical Pacific can be interpreted as resulting from air-sea interactions similar to that of ENSO Kang et al., 2004) . There is actually some evidence that there exists a near-annual mode or Pacific Basin Mode (POB) that has similar dynamics to normal. Kang et al. (2004) demonstrate that such mode is associated with the dominance of the zonal advective feedback over the thermocline feedback in the ENSO dynamics. The existence of such mode of variability has been suggested in former modeling studies (Zebiak, 1984; Jin and Neelin, 1993; Mantua and Battisti, 1995; Périgaud and Dewitte, 1996; Wu and Kirtman, 2005; Dewitte et al., 2007) . In particular, in simple shallow water models, it is related to the resonant mode of the tropical Pacific basin that results from the free propagation of Kelvin and Rossby waves and their reflections at the meridional boundaries. Such resonant mode has a frequency close to 9 months and is prominent in the Zebiak and Cane (1987) type of model (hereafter CZ model), resulting in unrealistic simulated zonal current anomalies in particular (Périgaud and Dewitte, 1996) . It has also been suggested that the near-annual mode can interact with ENSO and destabilize the ENSO mode or act as a noise maker to the tropical Pacific, resulting in ENSO modulation (Dewitte et al., 2007) .
Despite its theoretical existence (Kang et al., 2004) , the analysis of the near-annual mode from observed data has been difficult because it can merge with the seasonal cycle or be eclipsed by the ENSO mode. During cool periods, it can show up as fast westward propagation of negative SST anomalies, like after the 1997/98 El Niño when three consecutive "beams" of cool waters could be observed between 1999 and 2001 (cf. Fig. 1f ). During warm periods, like what happened in the early 1990s, Jin et al. (2003) showed that the variability of the fast mode can emerge as miniEl Niño events. In the light of these observations, Kang et al. (2004) used the conceptual model of An and Jin (2001) to demonstrate that the prominence of near-annual variability is related to the increased contribution of anomalous advection of mean temperature to the rate of SST changes (i.e. zonal advective feedback). Dewitte et al. (2007) mean state. In particular, the zonal SST gradient across the equatorial Pacific controls the strength of the zonal advective feedback through anomalous advection of total temperature and therefore the near-annual activity.
In this paper, we take advantage of the comprehensive satellite data sets of the last decade to document the nearannual variability in the equatorial Pacific. This period is chosen for two reasons: (1) Quality observations with good coverage and high-resolution sampling in time are available. (2) This decade was preceded by the strong 1997/98 El Niño that was followed by prolonged La Niña conditions. This may have contributed to the cooler mean state of the eastern equatorial Pacific in 2000-2008 as compared to the period 1980-1996, which is favorable to the emergence of the nearannual mode (Kang et al., 2004) . In addition, this period was characterized by weaker interannual variability than the former period, manifested as increased occurrence of Modoki El Niño (Yeh et al., 2009 ) and a tendency towards a warmer mean state in the warm pool region (Cravatte et al., 2009 ). This may have favored the zonal advection processes through increase in zonal SST gradient across the equatorial Pacific, and therefore the development of the near-annual variability.
This paper is organized as follows: Sect. 2 describes the data sets and the methods used in this study. Section 3 is dedicated to identifying the near-annual variability from the satellite data. Section 4 is a discussion with concluding remarks.
Data and methods description

Data
The zonal and meridional winds from CERSAT (Centre ERS d'Archivage et de Traitement) were used in this study for the period CERSAT, 2002) . The sea surface temperature was provided by RSS (Remote Sensing Sytems) and the Reynolds SST was also used. Zonal and meridional surface currents were obtained from the Ocean Surface Current Products Analyses -Real time (OSCAR) project (Bonjean and Lagerloef, 2002) . Fiveday averages were used for winds, sea surface temperature and surface current. Weekly sea level anomaly was provided by the portal Archiving, Validation and Interpretation of Satellite Oceanographic data (AVISO). We performed a spline interpolation over the weekly sea level anomaly data to obtain 5-day means over the period of study (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) .
Oceanic reanalysis data from the SODA (Simple Ocean Data Assimilation) system were also used (Carton and Giese, 2008) . The version 2.1.6 was used in this study.
Methods
Our method for diagnosing the near-annual variability is based on the covariance analysis or singular value decomposition (SVD) analysis (Bretherton et al., 1992) of zonal current and zonal wind stress anomalies, considering that the near-annual mode has a clear signature in equatorial zonal current (Périgaud and Dewitte, 1996) and that it is driven to a large extent by zonal advection of mean temperature (Kang et al., 2004) . The SVD technique allows capturing the time/space modes that maximize the covariance between two data sets. In that sense, it is similar to an EOF (which is based on the covariance matrix of a single field), but for each mode, one obtains two time series that, if they are highly correlated, may indicate a physically coupled mode.
The time series associated to the SVD modes are analyzed through wavelet decomposition (Torrence and Compo, 1998) to track changes in the frequency and amplitude in the frequency band of interest. Composite analysis is also used to identify a "canonical" near-annual cycle following .
Results
In order to illustrate further that 2000-2008 is characterized by an enhanced variability in the near-annual frequency band, the SVD analysis is applied to the SODA outputs for two different periods. Figure 2 presents the patterns of the modes resulting from the SVD between wind stress and zonal current anomalies for the periods 1993 . For 1993 , the dominant mode explains 68 % of the covariance and is characterized by a basin-wide structure for zonal current with westward current anomalies associated with westerlies. The dominant frequency associated to this mode lies in the interannual frequency band (2-7 yr), indicating that the mode pattern is representative of the 1997/98 El Niño. When the SVD is performed over the 2000-2008 period, the mode pattern changes significantly with the zonal current pattern having a zonal seesaw structure with westward (eastward) current anomalies in the western (eastern) Pacific. The pattern for zonal wind stress is somewhat similar to the one for 1993-1999, although the peak anomalies in the western Pacific is slightly moved south of the Equator. The other striking difference between the SVD mode characteristics between 1993-1999 and 2000-2008 periods is the relatively high variability in the near-annual frequency band for the 2000-2008 period (Fig. 2f) . A peak emerges at ∼ 1 yr for both zonal wind stress and zonal current, which is above the 90 % confidence level. A similar feature emerges for the results of the SVD performed from the satellite observations (Fig. 3) . The 1-yr period peak is even more prominent (Fig. 3c) . This supports that the near-annual mode is enhanced over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The scale averaged time series for wind stress and zonal current anomalies within the [0.5-1.5] yr −1 frequency band reveal that the near-annual mode is most active in 2000-2003 (not shown) . This period is used to build a composite of the evolution of the nearannual mode for SST, zonal current, wind stress and sea level. The three warm mature phases in January of 2000, Figure 4 presents the composite evolution of the near-annual mode. Two months before the mature phase, the SST pattern has its center located in the far eastern Pacific while the wind stress pattern exhibits westerly wind anomalies in the western Pacific and trade wind anomalies in the eastern Pacific. The sea level pattern mimics the SST, suggesting that SSTs are driven by vertical advection at this stage. At the peak phase the SST anomaly has expanded westward concomitantly with westward zonal current anomalies in the western Pacific that may have driven SST change through zonal advection of mean temperature. The positive sea level anomaly also expands westward at the peak phase. Two months later, at the transition phase, anomalous zonal currents become negative over the eastern Pacific while SST anomalies have propagated to the western Pacific. The sea level anomaly pattern consists in downwelling Rossby wave in the eastern Pacific supposedly resulting from the reflection of the positive sea level anomaly at the eastern boundary during the peak phase. The surface currents from the eastern Pacific enhance and expand the cold SST anomalies by means of an anomalous cold advection from the eastern equatorial Pacific to the central to western Pacific and lead the equatorial SST anomalies into the cold phase. At four month lag, the patterns have almost reversed sign compared to the situation at minus 2 month lag. These results reveal that the residual of the mean seasonal cycle behaves as a coupled mode having similar dynamics as ENSO, which traduces the enhancement of the near-annual variability over this period. 
Discussion and conclusion
The last decade experienced a significant change in interannual variability, evidenced as an increased occurrence of El Niño Modoki events (Yeh et al., 2009; Lee and McPhaden, 2010) . Because El Niño Modoki events have their maximum amplitude in the central Pacific and are characterized by the maintenance of a zonal SST gradient across the Pacific, periods of enhanced occurrence of such events correspond to periods of relative enhancement of the near-annual mode, which is largely driven by the zonal advective process (Kang et al., 2004) . The covariance analysis between SST and zonal current anomalies is used to diagnose the near-annual mode activity. It is shown that it is characterized by a well-defined zonal seesaw zonal current pattern that favors the convergence near the eastern edge of the warm pool and thereby the maintenance of the warm pool. The analysis also reveals that its activity is enhanced over 2000-2004, which allows building a composite of its evolution from satellite observations (SST, zonal current, sea level and wind stress). The composite reveals a clear coupled nature involving equatorial wave dynamics that is comparable to what happens during the "conventional" El Niño cycle. However, conversely to the ENSO cycle, the near-annual mode is characterized by a sort of symmetry that prevents any residual effects on the longer timescales of variability, which may favor its maintenance over an extended period of time. As an illustration we present has disappeared over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . This indicates that both the El Niño Modoki and the near-annual mode have no asymmetry and suggests that the coexistence of both modes of variability may be favored. Further studies are required to evaluate to which extent periods of increased occurrence of El Niño Modiki events are associated to enhance activity of the nearannual mode. This can be addressed by a simulations model that realistically simulates those types of events (Yu and Kim, 2010) . This is planned for future work.
